SUMMARY Mitral valve motion and pressure correlates of the Austin Flint murmur (AFM) were investigated in nine patients with aortic regurgitation using high fidelity catheter tip micromanometers and the mitral valve echocardiogram (MVE). External phonocardiography demonstrated a mid-diastolic murmur (MDM) in eight subjects and a presystolic murmur (PSM) in five. Maximum intensity of both AFM components was found in the left ventricular (LV) inflow tract; the murmur was not recordable in the left atrium (LA). In two patients, an apparent AFM was recorded in the intracardiac phonocardiogram when absent externally. Only one subject had a significant late diastolic "reversed" or LV to LA gradient; in this patient, presystolic mitral regurgitation was shown angiographically but no PSM was present and MVE revealed IN 1862, AUSTIN FLINT described an apical presystolic murmur in two patients with "considerable" aortic regurgitation who had no evidence of organic mitral stenosis at autopsy.' This great clinician believed the murmur of mitral valve obstruction to be limited to presystole. He attributed the functional murmur to ". . . distension of the [left] ventricle [so] that the mitral curtains are brought into coaptation and when the auricular contraction takes place, the mitral direct current passing between the curtains throws them into vibration and gives rise to the characteristic blubbering murmur." Since its original description, the Flint murmur has been broadened to include a mid-diastolic component.2
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absence of atriogenic mitral valve re-opening. In two subjects, a PSM disappeared from the external phono when a "reversed" gradient occurred during the diastolic pause following a ventricular premature systole; this LV to LA gradient was associated with diastolic mitral regurgitation recordable in the left atrial phono. In two patients, LV inflow phono showed the MDM to begin 80-120 msec after the aortic second sound and during the D to E phase of the MVE. The rate of early diastolic mitral valve closure in patients (152 ± 24 mm/sec) was not significantly different from 13 normals (232 i 30 mm/sec).
With regard to the genesis of the AFM, the present study concludes: 1) diastolic mitral regurgitation plays no role, and 2) antegrade mitral valve flow is required but simultaneous retrograde aortic flow may also be necessary.
Materials and Methods
Nine patients with aortic regurgitation undergoing diagnostic cardiac catheterization were the subjects of this investigation. Informed consent was obtained from all subjects prior to study. The valvular lesion was isolated in six and combined with moderate and mild aortic stenosis in one and two patients, respectively. Aortic atrium. Figure 8A, The Austin Flint murmur is not a universal finding in patients with aortic regurgitation and any hypothesis of its genesis must be able to explain this clinical observation. Flint noted German investigators had demonstrated the forcible injection of liquid through the mitral valve would cause coaptation of its cusps. He reasoned that the rapid ventricular distension produced by "considerable" aortic regurgitation would tend to bring the mitral leaflets into apposition, thus giving rise to a functional narrowing of the effective orifice. In addition to "considerable" regurgitation, ventricular enlargement also appeared to be required; the author was careful to state that other undetermined conditions might also be necessary. ' Subsequent authors postulated that specific aortic cusps had to be involved; they suggested that if the regurgitant stream achieved a critical direction, the anterior mitral leaflet would be deflected into the path of antegrade atrioventricular flow. However, postmortem studies yielded no apparent agreement on the specific lesion required. '2-14 When direct recordings of left-sided intracardiac pressures became available, it was found that fluid-filled catheter systems showed a late diastolic or "reversed" pressure gradient from left ventricle to left atrium or pulmonary capillary wedge position.'5 '6 Lochaya et al. 4 and other workers5s 7 cineangiographically demonstrated the occurrence of presystolic mitral regurgitation in patients with severe aortic insufficiency and "reversed" gradients. O'Brien and Cohen6 found early left atrial to left ventricular and late diastolic left ventricular to wedge or left atrial pressure gradients in all 12 of their patients with a Flint murmur which they defined as a mid-diastolic rumble. This characteristic pressure record was not present in five other subjects with severe aortic regurgitation who did not have the Flint murmur. They felt their finding of an early diastolic gradient was compatible with the hypothesis that the regurgitant stream impinges upon the anterior mitral leaflet interfering with complete opening. In turn, the finding of a late reversed gradient was consistent with presystolic mitral regurgitation as the origin of the presystolic component even though most of their patients did not have a recordable murmur at this phase of the diastolic cycle. VOL. 53, No. 2, FEBRUARY 1976 Our findings indicate diastolic mitral regurgitation is not related to genesis of the Austin Flint murmur. The intracardiac phonocardiographic evidence suggests this murmur is localized to the left ventricular inflow tract. In the presence of aortic regurgitation and an Austin Flint murmur, the only recordable intracardiac diastolic murmurs were found in the left ventricle. The murmur recorded in the left ventricular inflow tract tended to have the characteristics of the externally recordable Austin Flint murmur, i.e., onset after a significant silent interval following A, and presystolic accentuation. There was no direct correlation between presystolic murmurs and the presence or absence of a significant end diastolic LV to LA pressure gradient; in addition to the finding that this component was only recordable in the left ventricular inflow tract and not in the left atrium, presystolic mitral regurgitation was not angiographically demonstrable. Actual significant mid to late reversed gradients were associated with internal phonocardiographic and cineangiographic evidence of mitral regurgitation. Most importantly, however, the internally manifest left atrial murmur was not present externally. When a Flint murmur was present initially, the occurrence of a significant reversed gradient caused it to disappear. These data are in agreement with Pridie et al. '7 who found no association between the presence of an Austin Flint murmur and angiographically demonstrable diastolic mitral regurgitation.
Large left atrial to left ventricular early to mid-diastolic gradients recorded with fluid-filled catheters tended to be minimal or absent and inconstant when recorded with high fidelity catheters. In individuals, this inconstancy appeared to be respiratory related and may have been due to a problem peculiar to micromanometer catheters, that is, sensitivity to gravitational effects. Such gradients may actually exist but could be due to flow rather than obstruction;'8 these small LA to LV gradients tended to persist when the left atrial catheter was advanced to the left ventricular inflow tract supporting this hypothesis. The exaggeration of early to mid LA to LV gradients using fluid-filled systems may be due to difficulty in obtaining the requisite damping of the left ventricular catheter. These findings suggest small early LA to LV gradients cannot be used alone to support the postulate of functional stenosis as the origin of the mid-diastolic component of the Austin Flint murmur.
Fortuin and Craige8 were able to correlate the mid-diastolic component of the Flint murmur with the initial closing movement of the anterior mitral leaflet. They noted the presystolic component to occur during the atriogenic closing motion or during the entire period of atrial systole and found this component would disappear when atrial systole failed to produce reopening. Our findings are compatible with their hypothesis that antegrade mitral flow is necessary for production of the Flint murmur. They postulated that this murmur is generated by an increase in mitral flow velocity due to two conditions: 1) incomplete left atrial emptying during early diastole, and 2) excessively rapid closure of the mitral valve due to two sources of left ventricular inflow. Although Madeira et al."1 have recently provided data demonstrating an increased rate of mitral valve closure in patients with hemodynamically significant aortic regurgitation, we were unable to confirm this finding.
However, the essence of the above hypothesis is that the mitralorifice is narrowed relative to the volumeofblood transported. As seen in figure 4, the 
